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IMAGE READING DEVICE, IMAGE READING APPARATUS, 
AND METHOD THEREFOR 



BACKGROUNrr OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to an image reading 

device, an image reading apparatus, and a method 
r; 10 therefor and, more particularly, to an image reading 

Y: device used in an image scanner or facsimile apparatus 

for reading light from an original, an image reading 

I y 

apparatus, and a method therefor. 

ry 

ry 15 DESCRIPTION OF RELATED ART 

p As an image reading apparatus used in an image 

scanner or facsimile apparatus, an apparatus using a 
reduction optical system shown in Fig. 21 is known. 
Referring to Fig, 21, light is irradiated from a light 
20 source 5 to an original 6, The light reflected by the 
original 6 is deflected through 90** by a mirror 4 and 
focused on a CCD image sensor 1 through a lens 2, 
thereby converting the light into an image signal. A 
correction plate (shading correction plate) 3 for 
25 correcting a power of cos4 of a white output waveform 

lens. The image signal output from the CCD image sensor 
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1 is A/D-converted into digital data by an 
analog-to-digital (A/D) converter incorporated in an IC 
(not shown) . The digital data is subjected to an image 
process. An inexpensive xenon (Xe) lamp or LED is often 
5 used as a light source for this image reading apparatus . 

A printer serving as an image reading apparatus is 
available in which a scanner unit is movmted in place of 
a print head unit including an ink tank detachably 
mounted in the printer, 

10 The above techniques pose the following problems. 

Since the absolute light amount of the Xe lamp or LED 
used in the image reading apparatus is small, a charge 
accumulation time (to be simply referred to also as an 
accumulation time hereinafter) in reading operation in 

15 the CCD image sensor 1 must be prolonged, and the 

sensitivity of a reception system must be improved in 
order to obtain stable image information. The 
sensitivity characteristics of the light-receiving 
portion for photoelectrically converting light reflected 

20 by the original have limitations although high-speed 
driving of a CCD device serving as a light -receiving 
element has advanced. In order to obtain a sufficiently 
high S/N ratio, the original must be illuminated in a 
sufficiently large light amount. 

25 For this purpose;' to increase the light amount by 

increasing a drive current to the LED, the drive current 
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changes due to the wavelength of emission light upon 
heating of the LED itself and a change in forward 
voltage. As a result, a stable emission intensity cannot 
be obtained. 

5 In a printer incorporated in a notebook personal 

computer, when a scanner unit is mounted in place of a 
print head unit, the scanner unit must be made compact 
and simple because the printer of this personal computer 
_^ is compact. In addition, a reduction in power 

10 consumption is desired in consideration of driving the 
yi notebook personal computer using a secondary battery. 

W To correctly set the dynamic range in reading an 

ry 

O] image, a white reference value and an offset value must 

H be measured for each scanner unit because the respective 

ry 15 scanner units vary in characteristics. However, in 

Q mounting a scanner unit in the built-in printer of the 

^ notebook personal computer, white reference setting for 

setting the white reference value and the offset value 
is often omitted due to downsizing and low cost. In this 
20 case, every time the white reference value and the 

offset value are to be set, a user must feed originals 
for measuring the white reference value and the offset 
value to allow them to read these values, and must set 
the white reference value and the offset value. 
25 - 

SUMMARY OF THE INVENTION 
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The present invention has been made to solve the 
above problems, and has as its object to provide an 
image reading device capable of reading a high-quality 
image under the conditions as a compact, simple 
5 arrangement and low power consumption, an image reading 
apparatus using this image reading device, and a method 
therefor. 

To achieve the above object, a preferred embodiment 
_^ of the present invention discloses an image reading 

^ 10 apparatus for reading an image of original, the 

apparatus comprising photoelectric conversion means for 
5 converting light from the original into an image signal, 

ff^ first correction means for correcting a white level of 

the image signal, storage means for storing white 
pj 15 reference data for white level correction in 

Q correspondence with a reference temperature, detection 

Q 

means for detecting a temperature near the photoelectric 
conversion means, and second correction means for 
correcting the reference white data on the basis of a 

20 temperature difference between the temperature detected 
by the detection means and the reference temperature, 
wherein the white level is corrected by the first 
correction means using the white reference data 
corrected by the second correction means. 

25 Also disclosed is an image reading device 

detachably attached to an image processing apparatus 
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having storage means for storing white reference data 
for white level correction in correspondence with a 
reference temperature, detection means for detecting a 
temperature near the photoelectric conversion means, and 
5 first correction means for correcting the white 

reference data on the basis of a temperature difference 
between the temperature detected by the detection means 
and the reference temperature, the device comprising 
photoelectric conversion means for converting light from 

10 the original into an image signal, and second correction 
means for correcting a white level of the image signal, 
wherein the white level is corrected by the second 
correction means using the white reference data 
corrected by the first correction means. 

15 It is another object of the present invention to 

provide an image reading device capable of preventing a 
read image from being degraded by causes such as a 
positional error in mounting a light source and the like 
under the conditions as the compact, simple arrangement 

20 and low power consioit^tion, an image reading apparatus 

using this image reading device, and a method therefor. 

To achieve the above object, a preferred embodiment 
of the present invention discloses an image x'eading 
apparatus for reading an image of original, the 

25 apparatus comprising ^photoelectric conversion means for 
converting light from the original into an image signal. 
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amplification means for amplifying the image signal, 
detection means for detecting a peak level of an image 
signal corresponding to a pixel within an effective 
pixel range of the photoelectric conversion means and a 
5 peak level of an image signal corresponding to a pixel 
outside the effective pixel range on the basis of an 
image signal for a white reference obtained from the 
photoelectric conversion means, and setting means for 
_ comparing the peak levels detected by the detection 

Ij: 10 means and setting an amplification factor of the 

amplification means on the basis of the comparison 
result. 

^ It is still another object of the present invention 

to provide a reading unit capable of stably reading a 
15 high-quality image even if the reading unit is mounted 
in place of a print head unit, an image reading 
apparatus in which this reading unit is mounted, control 
of this image reading apparatus, and a control method 
therefor. 

20 To achieve the above object, a preferred embodiment 

of the present invention discloses an image reading 
method for reading an image of original by using an 
image reading device having photoelectric conversion 
means for converting light from the original into an 
25 image signal and amplification means for amplifying the 
image signal, the method comprising the steps of 
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detecting a peak level of an image signal corresponding 
to a pixel within an effective pixel range of the 
photoelectric conversion means and a peak level of an 
image signal corresponding to a pixel outside the 
5 effective pixel range on the basis of an image signal 
for a white reference obtained from the image reading 
device, comparing the detected peak levels, and setting 
an amplification factor of the amplification means on 
™ the basis of the comparison result. 

10 It is still another object of the present invention 

to provide a reading unit capable of reading a 
high-quality image regardless of changes in reading mode 

iXl 

Cl and ambient temperature, an image reading apparatus in 

H which this reading unit is mounted, and a control 

fU 15 apparatus and method therefor. 

p To achieve the above object, a preferred embodiment 

o 

of the present invention discloses an image reading 
method for an image processing apparatus having a 
carriage on which an image reading device for reading an 

20 image of original is detachably mounted, the method 
comprising the steps of obtaining identification 
information representing an image reading device mounted 
on the carriage, reading out white reference* data 
corresponding to the identification information obtained 

25 in the obtaining step* from storage means which stores 

white reference data representing a white reference from 
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the image reading device in association with the 
identification information of the image reading device, 
and setting the readout white reference data in the 
image reading device mounted on the carriage. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjxinction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures thereof 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view showing a scanner unit 
to which the present invention is applied; 

Fig. 2 is a perspective view showing the layout of 
15 optical components of the scanner unit shown in Fig. 1; 

Fig. 3 is a block diagram showing the arrangement 
of the scanner unit shown in Fig. 1; 

Fig. 4 is a circuit diagram showing a circuit for 
performing light source switching for an LED array shown 
20 in Fig. 3; 

Fig. 5 is a perspective view of a notebook personal 
computer having a printer unit on which the scanner unit 
of this embodiment is mounted; 

Fig. 6 is a block diagram showing the arrangement 
25 of the notebook personal computer; 

Fig. 7 is a block diagram showing the arrangement 
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of a printer unit, a scanner unit to be connected to the 
printer unit, and a print head unit; 

Fig. 8 is a view showing a state in which the 
scanner or print head unit is to be mounted on the 
5 printer unit; 

Fig. 9 is a graph showing the relationship between 
the ambient temperature Ta and the relative emission 
intensity Iv; 

^ Fig. 10 is a chart showing data obtained when the 

10 scanner unit of this embodiment reads a white reference 
- sheet under the conditions that the accumulation time is 
ffl 256 ms and the drive current of the LED is large; 

ffl Fig. 11 is a graph showing changes in LED emission 

M= intensity when the heat-keeping condition is changed; 

fy 15 Figs. 12 A to 12C are tables showing reading modes 

Q of this embodiment; 

^ Fig. 13 is a graph showing LED ambient temperature 

characteristics obtained in units of colors, i.e., R, G, 
and B in this embodiment; 
20 Fig. 14 is a view showing a method of managing 

white reference data; 

Fig. 15 is a graph showing an RGB white reference 
profile; 

Fig. 16 is a flow chart showing a white reference 
25 obtaining/ setting process of this embodiment; 

Fig. 17 is a flow chart showing a white reference 
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data obtaining process of this embodiment; 

Fig. 18 is a flow chart showing a white reference 

data setting process of this embodiments- 
Fig. 19 is a graph for explaining irregular white 

5 data ; 

Fig. 20 is a flow chart for explaining a peak 

search in this embodiments- 
Fig. 21 is a perspective view showing the schematic 

arrangement of a general reduction optical system; 
10 Figs. 22A and 22B are tables of a white reference 

database managed by a printer driver; 

Fig. 23 is a table showing the interface commands 

of a notebook personal computer and a printer unit; 

Fig. 24 is a view showing a command string issued 
15 from the notebook personal computer in obtaining white 

reference data; 

Fig. 25 is a view showing a command string from the 

notebook personal computer in setting the white 

reference data; 
20 Fig. 26 is a flow chart showing a white reference 

data obtaining process according to the second 

embodiment of the present invention; 

Fig. 27 is a flow chart showing a gain detection 

process; 

25 Fig. 28 is a flow chart showing an offset value and 

white reference value detection process; 
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Fig. 29 is a flow chart showing ^ white reference 
value detection process; 

Fig. 30 is a flow chart showing the exchange 
process for a scanner unit and a print head unit; 
5 Fig. 31 is a flow chart showing a white reference 

data obtaining process; 

Fig. 32 is a flow chart showing a white data 
obtaining process; and 

Fig. 33 is a flow chart showing a white reference 
10 data setting process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of an image, reading device, 
an image reading apparatus, and a method therefor will 
15 be described in detail with reference to the 
accompanying drawings. 

First Embodiment 

[Color Scanner Unit] 
20 Fig. 1 is a perspective view showing the outer 

appearance of a color scanner \anit (to be also referred 

to as a scanner unit hereinafter) serving as an image 

reading device to which the present invention is applied. 

When the scanner unit shown in Fig. 1 is mounted on the 
25 carriage of a printer - unit , the read position of the 

scajmer unit is determined by locating a reference wall 
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1 of the scanner unit in contact with, a reference wall 
(not shown) on the carriage side. Projections (not 
shown) on the carriage side are engaged with a 
positioning hole IB and a positioning groove IC, thereby 
5 determining the moxinting position. When the scanner unit 
is mounted on the printer unit, the scanner unit is 
electrically connected to the printer unit through a 
connector unit 20A serving as an interface (I/F) with 
the printer unit to exchange signals therebetween. 
10 Fig. 2 is a view showing the layout of an optical 

system in the scanner unit shown in Fig. 1. Light 
W emitted from an LED array (red wavelength 1 = 640 nm, 

n I 

01 green wavelength 1 = 525 nm, and blue wavelength 1 = 470 

M= nm) in which three color LEDs serving as light sources 

; 3j 

nj 15 are arrayed in the read width direction obliquely 

=■0 

Q illuminates an original 10 through a cylindrical rod 

" lens 6 disposed near the LED array 3 in a direction 

parallel to the array direction of the LED array 3 . 

Light reflected by the original 10 passes through a 
20 field lens 7 whose optical axis is perpendicular to the 
original surface. The light is then deflected through 
about 90® so as to make the light traveling direction 
almost parallel to the original surface. The deflected 
light is incident on an aperture 11. The aperture 11 is 
25 disposed on the image- forming plane of the field lens 7. 
The reflected light temporarily focused by the aperture 
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11 is focused again by an image forming lens on the 
image-sensing surface of a light -receiving element 13 
serving as a photoelectric conversion means. The 
reduction ratio of the image forming lens is 0,45158. 
5 Fig. 3 is a block diagram showing the arrangement 

of the scanner unit. The light -receiving element 
(sensor) 13 comprises a monochrome CCD line sensor 
consisting of 128 pixels and reads a color image by 

^ switching the light sources for sequentially turning on 

10 the LEDs of the three colors, i.e., R, G, and B. In this 

r'; embodiment, a total of five LEDs of the three colors, 

i.e., two R (red) LEDs, two G (green) LEDs, and one B 

ff^ (blue) LED are arranged- The niomber of LEDs and their 

layout are not limited to this, and any other 

ry 15 arrangement may be employed. 

-5 8 

O Fig. 4 is a block diagram showing a circuit for 

light source switching of the LED array 3 . An IC 25 is a 
3 -terminal regulator for applying a voltage of 12 V to 
each LED. The LED drive circuit for each color 

20 constitutes a constant current circuit, and the 
arrangements of the LED drive circuits for the 
respective colors are identical to each other. Only the 
arrangement of the red LED drive circuit will be 
described below. When a signal Ron supplied to the base 

25 of a LED drive transistor Ql is set at high level, the 
voltage of 12 V supplied from the IC 25 is divided by 
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resistors R12 and R13, and the divided voltage is 
applied to the base of the transistor Ql . A drive 
current flows to the LED by a period until this divided 
voltage V3 becomes equal to a sum + Vj^^ of a 
base-emitter voltage and a voltage drop Vj^^ across 
the resistor Rll, and the LED is turned on. When the 
signal Ron is set at low level, the transistor Ql is 
turned off, and the LED is turned off accordingly. A 
signal H/L is a signal for switching the magnitude of 
the current flowing through the LED. When the signal H/L 
is set at low level, a resistor R14 is connected in 
parallel to the resistor R13 to lower the divided 
voltage V^. The LED drive voltage is lowered by this 
decrease in the divided voltage V^. A state in which the 
LED drive current is large is called "strong driving", 
while a state in which the LED drive current is small is 
called "weak driving" . 

The current value of each color LED will be 
described below. A drive current of 10 mA is supplied to 
the red and green LEDs when the signal Ron and a signal 
Gon are set at high level and the signal H/L is set at 
high level; and a current of 2.5 mA is supplied thereto 
when the signals Ron and Gon are set at high -level and 
the signal H/L is set at low level. A drive current of 
20 mA is supplied to the blue LED when a signal Bon is 
set at high level and the H/L signal is set at high 



level; a drive current of 5 mA is supplied thereto when 
the signal Bon is set at high level and the H/H level is 
set at low level , The set values of the drive current 
are changed depending ori the types of LEDs to allow 
5 absorption of the differences in light amount levels 
reaching the original surface, which are caused by the 
number and layout of the LEDs * 

A 3 -path read operation using a sequential color 
scheme is performed to read a color image using the 
J^' 10 light -receiving element (sensor) 13 and the LED array 3. 

Of all the LEDs of the three colors, only the LED of the 

|=sfc 

B first color is turned on to obtain data of the first 

m 

01 color component for one line corresponding to the read 

1=^ width of the light -receiving element 13 while moving the 

fy 15 carriage. The LED of the second color is turned on 

Q without any line feed operation to obtain data of the 

^ second color component for the same line. Similarly, 

data of the third color component is also obtained from 
the LED of the third color to complete the read 
20 operation of the RGB color data for one line. The line 
feed operation is performed to start a read operation 
for the next line. The LED sequential turn-on operation 
is controlled by the CPU of a personal computer to be 
described later. 
25 The arrangement of a part surrounded by the chain 

line in Fig. 3 constitutes a custom IC 15 prepared for 
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the color scanner unit. The IC 15 cort^rises an air^lifier 
(AMP) 21 for clamping a signal from the light-receiving 
element (sensor) 13 into a predetermined voltage and 
amplifying the peak level of the clamped signal to the 
5 optimal range of the A/D converter on the basis of a 

peak search result (to be described later) , a 10-bit A/D 
converter (A/D) 22, an SRAM 23a, an image processor 23b 
(including a shading correction circuit, a column and 
_ line reduction circuit, an edge emphasis circuit, and a 

10 binarizer/multivalue digitizer) , and an input/output 
Ul control circuit 24 for exchanging signals with the 

m printer unit. Note that the shading correction circuit 

01 performs white level correction of an image signal by 

means of printer firmware serving as the first 
ry 15 correction means. 

[Notebook Personal Computer] 

The overall arrangement of a notebook personal 
computer having a printer unit on which the above color 
20 scanner unit is mounted will be described below with 
reference to Figs. 5 and 6. 

Fig. 5 is a perspective view showing the overall 
arrangement of a notebook personal computer 100 serving 
as a controller in the image reading apparatus of this 
25 embodiment. A liquid rcrystal display panel 101 is 11.8" 
Thin Film Transistor (TFT) type color liquid crystal 
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display. The notebook personal computer 100 comprises a 
keyboard 102 which can be operated when the liquid 
crystal display panel 101 which can be laid down is 
opened, and a printer unit arranged at the rear of the 
5 keyboard 102 . 

Fig. 6 is a block diagram showing the arrangement 
of the notebook personal computer 100. This notebook 
personal computer 100 can use a power adapter 26 (rated 
^ output: 20 V, 54 W) and a secondary nickel -hydrogen 

r; 10 secondary battery 27 (rated capacity: 12 V, 2,700 mAh) 

r- as power sources. The personal computer 100 incorporates 

peripheral unit controllers such as a floppy disk 

i y 

ff^ controller (FDC) 42, a hard disk controller (HDC) 41, a 

H keyboard controller (KBC) 36, and a VGA controller 

ry 15 (VGAC) 35. The personal computer 100 is connected to a 

p printer unit 200 through internal buses. 

O 

[Printer Unit] 

The printer xinit 200 incorporated in the notebook 
20 personal computer 100, the color scanner unit detachably 
connected to the printer \anit 200, and a print head unit 
will be described with reference to Figs. 7 and 8. 

Fig. 7 is a block diagram showing the arrangement 
of the printer unit 200, a scanner unit 66 to be 
25 connected to the printer unit 200, and a print head unit 
67. A CPU 61 and a controller 62 of the printer unit 200 
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perform control of three monitors (a carriage (CR) 
monitor 64, a line feed (LF) monitor 58, and an 
auto-sheet feed (ASF) motor 65) through monitor drivers 
63 and 59, drive control of a sensor 57 for detecting 
5 the home position, the ASF position, and feed/delivery 
of printing paper, and drive control of the scanner unit 
and the print head \init. As described above, 
one of the scanner unit 66 and the print head unit 67 
^ can be mounted on the printer. The joint portion of a 

Tt? 10 carriage 69 of the printer unit 200 on which the scanner 

;r; unit 66 or the print head unit 67 is mounted has a 

^ contact electrode 54. When the scanner unit 66 or the 

print head unit 67 is mounted, the scanner unit 66 or 
H= the print head unit 67 is electrically connected to the 

ry 15 printer unit 200 through this contact electrode 54. 

Q As a method of determining a unit mounted on the 

"~ printer unit, the connector unit of the scanner unit 66 

or the print head unit 67 has an electrode representing 
the ID of the unit, and the CPU 61 reads this ID to 
20 determine whether the mounted \mit is the scanner unit 
66 or the print head unit 67 . 

The print head unit 67 comprises a print head 55 
for performing printing with CMY or CMYK inks and a head 
driver 56. 

25 Fig. 8 is a view^ showing a state in which the 

scanner unit 66 or the print head unit 67 is to be 
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mounted on the printer unit 200, The .print head xinit 67 
for printing an image on printing paper and the scanner 
unit 66 for reading an original image can be 
interchangeably mounted on the printer unit 200. The 
scanner unit 66 has a size almost equal to that of the 
print head unit 67 and is mounted on the carriage 69 for 
use. The contact electrode 54 for exchanging signals 
through the connector unit 20A of the scanner unit 66 is 
arranged in the carriage 69. An image signal output from 
the scanner unit 66 is processed in the CPU 61 in the 
printer unit 200 through the contact electrode 54 and a 
flexible cable 70. The carriage 69 is driven by the CR 
motor 64 and reciprocated between side plates 72a and 
72b of a frame along a slide shaft 74 and a slide plate 
71. 

[Electrical Characteristics of LED] 

The electrical characteristics of an LED serving as 
a light source will be described below. Fig. 9 is a 
20 graph showing the relationship between the ambient 

temperature Ta and the relative emission intensity Iv of 
the LED. As can be apparent from the graph, when the 
ambient temperature Ta of the LED increases, the 
relative emission intensity Iv of the LED decreases. 
25 Fig. 10 is a chart showing the data obtained when 

the scanner unit of this embodiment reads a white 
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reference sheet umder the conditions Jthat the 
accumulation time is 256 ms and the drive current of the 
LED is large. A time (unit: sec) is plotted along the 
abscissa and represents a period after the LED is turned 
5 on. Image signals output from the scanner unit 66 are 
plotted along the ordinate in 256 levels. In this 
embodiment, the light -receiving element 13 of the 
scanner unit 66 is constituted by 128 pixels, but only- 
data of the 63rd to 66th pixels are shown in Fig. 10. As 
10 shown in Fig. 10, when the LED is turned on and heated, 
the relative emission intensity Iv decreases . A change 
in relative emission intensity Iv is not proportional to 
the lapse of time, but abruptly changes immediately 
after the start of emission, 

15 

[Preheating and Heat-Keeping Control] 

When an image read operation by the scanner unit 66 

is taken into consideration, LED emission during the 

image read operation is performed in strong driving in 
20 order to increase the S/N ratio of the light-receiving 

element 13, However, during the return of the carriage 

69 to the home position, the LED is kept off to suppress 

power consumption of the LED. 

When the LED temperature rise almost saturates 
25 immediately before the start of the return of the 

carriage 69, the LED relative emission intensity Iv is 
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the colors (red and blue) of the LEDs.. In the notes of . 
Fig. 11, "109 red white" represents the white reference 
value obtained by the 109th pixel of the CCD while the 
red LED is kept on, which also applies to other examples. 
Note that data for the green LED is not listed because 
its thermal variations are small. 

Under the same atmosphere, preheating and heat- 
keeping control are performed to stably obtain 
high-quality images. 



[Image Reading Mode] 

As shown in Figs. 12A to 12C, this embodiment has 

three image read odes, i.e., a color mode, a monochrome 

multivalue mode, and a monochrome binary mode. In each 
15 image reading mode, five resolutions, i.e., 360 x 360 

dpi, 180 X 180 dpi, 90 x 90 dpi, 200 x 360 dpi, and 300 

X 360 dpi are available. 

Four accumulation times, i.e., 256 ms, 320 ms, 307 

ms, and 288 ms are available in accordance with the 
20 relationship between the five resolutions and the 

carriage speed. 

[White Reference Control] 

In this embodiment, in reading a color image, the 
25 LEDs serving as the light sources for the three colors, 
i.e., R, G, and B are alternately turned on. The 
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emission intensity and the temperature characteristics 
change depending on the colors of the light sources . For 
this reason, a white reference is set, and the gain of 
the amplifier 21 is adjusted on the basis of the white 
5 reference. 

Fig. 13 is a graph showing the ambient temperature 
characteristics of the LEDs which are obtained in units 
of colors, i.e., R, G, and B. Since slight variations 
occur even in the emission intensities of LEDs of the 
10 same color, an average value of 14 samples of each color 
is obtained. A ratio of an emission intensity to the LED 
emission intensity of 100% at the ambient temperature of 
pi 20° C is plotted along the ordinate. The ambient 

1=^ temperature is plotted along the abscissa. As can be 

fU 15 apparent from Fig. 13, output changes caused by changes 

f=^, in ambient temperature are different depending on the 

^ differences in materials of the LED emission colors. The 

custom IC 15 prepared for the color scanner unit in 
obtaining the white reference detects the peak of a 
20 white reference profile for a signal of each color 

output from the light-receiving element 13 and controls 
the gain of the amplifier 21 to set the dynamic range of 
the A/D converter 22 in an optimal state. Note that the 
gain of the amplifier 21 can be set in 256 levels. 
25 The white reference data of this embodiment is 

determined for each of the R, G, and B colors as 
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follows : 

white data (white reference value) : 

128 pixels X 10 bits 



2 -byte temperature data and a 2 -byte head ID are 
added to the white reference data to manage the white 
reference data. 

The white reference data having the above structure 
is managed in the scanner unit 66, the printer unit 200, 
and the notebook personal computer 100, as shown in 
Fig, 14. More specifically, the SRAM 23a in the scanner 
vinit 66 stores white data, gain data, black data, and a 
head ID for one color corresponding to the currently set 
accixmulation time. Note that the data stored in the SRAM 
23a is data of one color corresponding to one resolution. 

For example, in reading color image at 360 dpi, the 
red LED is turned on, and the white reference data of 
the red acciomulation time of 256 ms is loaded from the 
RAM 60 to the SRAM 23a in the scanner unit 66 to read 
the image of the red component in accordance with a 
program executed by the CPU 61. When the read operation 
for the red component is complete, the green LED is 
turned on, and the white reference data of the green 
accumulation time of 256 ms is loaded from the printer 
RAM 60 to the SRAM 23a to read an image of the green 



gain data: 



8 bits 



black data (offset value) : 



128 pixels X 8 bits 
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component. In this case, when the green white reference 
data is loaded in the SRAM 23a, the red white reference 
data is overwritten and erased. That is, as can also be 
apparent from Fig. 14, only one white reference data is 
5 present at a time in the scanner unit 66 . The table of 
the white reference data corresponding to the respective 
accumulation times and the respective colors is stored 
as a file in the printer RAM 60 or a hard disk drive 
(HDD) 40 in the notebook personal computer 100. Only one 

10 white reference data corresponding to the accumulation 
time and color under processing is present in the 
scanner unit 66. 

The white reference data on the printer fiinnware 
executed by the CPU 61 in the printer unit 200 are, for 

15 each of the accumulation times (256 ms, 320 ms, 3 07 ms, 
and 288 ms) corresponding to all the resolutions shown 
in Figs. 12A to 12C, effective 10 -bit (management: 16 
bits) white data for 128 pixels, 8-bit gain data, 
effective 8-bit (management: 16 bits) black data for 128 

20 pixels, and an 8-bit head ID. These data are prepared in 
units of colors, i.e., R, G, and B. At the same time, 
the white reference data also has 8-bit data 
representing the ambient temperature in white reference 
detection. The firmware calculates the difference 

25 between the current aitibient temperature and the 

temperature in white reference detection and corrects 
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and uses the white reference data in the printer RAM 60 
on the basis of this teit^erature difference. 

On the other hand, a printer driver executed by a 
CPU 30 in the notebook personal computer 100 stores a 
5 maximum of five white reference data in a VRAM 38 or the 
HDD 40 serving as the internal storage means in the 
notebook personal computer 100 and manages these data in 
accordance with the temperature and time stamp. Although 
temperature management will be described in detail later, 
C^i 10 the effective temperature range of one white reference 

f; data is set to fall within ±5^C of the temperature in 

^ obtaining white reference data. Time stamp management is 

performed in consideration of degradation of the light 
^ source over time and discards white reference data used 

ry 15 in image read operations 100 times or more. The printer 

Q driver sends the latest white reference data having the 

current ambient temperature within the effective range 
to the printer firmware. 

Fig. 15 shows white data when a white reference is 
20 obtained at room tercperature (25° C) . The A/D-converted 
values (10 bits) of the photoelectrically converted 
signals are plotted along the ordinate. The read width 
(i.e., 128 pixels) of the light-receiving element 13 is 
plotted along the abscissa. A triangle corresponds a red 
25 LED output; a cross, k green LED output; a circle, a 

blue LED output. As shown in Fig. 15, the outputs from 
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the 128 pixels are not uniform depending on the layout 
of the LEDs and the positional relationship between each 
LED and the lens. In addition, peak values of the output 
profiles in the respective colors are different from 
each other. Therefore, the image read operation is 
performed using 64 pixels from the 33rd pixel to the 
96th pixel of the central portion. 

[Correction for White Reference Control] 



10 LEDs have representative emission intensity 

H 

^ characteristics shown in Fig. 13. However, even LEDs of 

the same color have variations in emission intensity 
characteristics. When * the characteristics shown in 

^ Fig. 13 are directly applied to an actual LED product, 

y 

y 15 an error may increase. In this embodiment, correction 

n 

□ for white reference control is performed by the 

following method, 

(1) Temperature information serving as a reference 
temperature is added to the white reference data of each 
20 accumulation time, the effective temperature rcinge in 
which this white reference data can be used is defined 
to fall within ±5^C of the reference temperature, and 
another white reference data is required when the white 
reference data falls outside the above temperature range. 
25 (2) A maximum of five white reference data are 

managed . 
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(3) A peak gain Gw in obtaining white reference 



data is obtained by the following equation: 



Gw = -L{64 + Gf) + Gf 



. . . (1) 



^ 10 

m 

m 15 

20 



where Gf is the gain obtained in a peak search' (to 
be described later) , and L is an output variation 
coefficient. Substitutions of red LED L = +0,05, green 
LED L = +0.02, and blue LED L = 0 as the output 
variation characteristics of the LEDs of the respective 
colors for the ambient temperature into equation (1) 
yield the peak gains Gw of the respective colors . 

(4) Temperature correction is performed for white 
reference data using correction coefficients a of the 
LEDs of the respective colors in accordance with the 
temperature differences between the reference 
temperatures of the white reference data and the ambient 
temperature in image read operation. This temperature 
correction is performed by printer firmware serving as 
the second correction means and the control means which 
are executed on the CPU 61 and the controller 62: 

red LED: a = -0.5%/'*C 

green LED: a = -0.2%/''C 

blue LED: a = 0.0%/'' C 

[White Reference Obtaining/Setting Process] 

Fig. 16 is a flow chart showing a white reference 
obtaining/ setting process by a printer driver serving as 
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a detection means. In step Sll, the ambient temperature 
Ta of the scanner unit 66 is obtained. It is determined 
in step S12 whether the scanner unit 66 is a new product. 
If YES in step S12 , the flow advances to step S13 to 
5 initialize the white reference database. In step S14, a 
white reference data obtaining process for obtaining new 
white reference data is executed. 

If NO in step S12, the flow advances to step S15 to 
detect whether white reference data corresponding to the 

10 ID of the scanner unit 66 is stored. If NO in step S15, 
white reference data is obtained in step S14 . However, 
if YES in step S15, the flow advances to step S16 to 
read out an ambient temperature Tref in obtaining the 
latest white reference data. 

15 It is determined in step S17 whether the 

temperature difference between the current ambient 
temperature Ta and the ambient temperature Tref in 
obtaining the latest white reference data is less than 
11^ C. If YES in step S17, the flow advances to step S18, 

20 However, if NO in step S17, the flow advances to 

step S19 to read out an ambient temperature Tn in 
obtaining white reference data except for the latest 
white reference data. It is determined in step S20 
whether the difference between the current ambient 

25 temperature Ta and the ambient temperature Tn is less 

than ll^'C, If YES in step S20, the flow advances to step 
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S18; otherwise, it is determined in step S21 whether 
white reference data at einother ambient temperature is 
stored. If YES in step S21, the operations in steps S19 
and S20 are repeated. If NO in step S21, white reference 
5 data is obtained in step S14 . 

In step S18, an image read count n in obtaining 
white reference data is read out. In step S22, a current 
image read total count N is read out. The flow advances 
to step S23 to determine whether the difference between 

10 the current image read total count N and the image read 
count n in obtaining the white reference data exceeds 
100, If YES in step S23, white reference data is 
obtained again in step S14. If NO in step S23, the flow 
advances to step S24 to read out this white reference 

15 data, and the flow advances to a white reference data 
setting process (step S25) . 

Fig. 17 is a flow chart for explaining a white 
reference data obtaining process in step S14 . In step 
S31, a dialog representing a process for obtaining white 

20 reference data is displayed on the LCD 101. In step S31, 
an operator is prompted to feed white reference paper. 
When the white reference paper is fed by the operator, a 
white reference data obtaining command is issued in step 
S33. In step S34, a dialog representing that the white 

25 reference data is being obtained is displayed. 

The flow advances to step S3 5 to start a timer to 
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obtain white reference data, an ambient temperature, and 
the ID of the scanner vmit 66 for, e.g., 100 sec. During 
this period, a message "processing" is displayed in the 
dialog. It is determined in step S3 6 using the timer 
whether the white reference data obtaining operation is 
complete. Control waits until the data obtaining 
operation is complete. If YES in step S3 6, a white 
reference paper delivery command is issued in step S37. 
In step S38, the obtained white reference data is stored 
in association with the corresponding ambient 
temperature and the corresponding image obtaining total 
count. The dialog representing that the white reference 
data is being obtained is erased in step S39, thus 
ending the white reference data obtaining process . 

The ambient temperature detection is performed by 
causing the thermistor to measure a temperature near the 
LED of the scanner unit 66, However, a relationship 
between the time elapsed from the LED turn-on timing and 
the ambient temperature rise may be stored in advance, 
and the ambient temperature may be estimated on the 
basis of the elapsed time from the turn-on timing. 

Fig. 18 is a flow chart for explaining a white 
reference data setting process in step S24. In step S41, 
the currently set resolution is read out. In step S42 , 
white reference data corresponding to the current 
resolution is selected from the readout white reference 
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data or the obtained white reference data and prepared 
on the memory. It is determined in step S43 whether the 
set data type is of a color. If YES in step S43 , the set 
values of red, green, and blue levels are loaded to 
5 correct the values of the prepared white reference data 
which correspond to the respective colors . The flow then 
advances to step S46. If NO in step S43, the flow 
advances to step S45 to load the preset value of the 
green level to correct the value of the prepared white 

10 reference data which corresponds to green. The flow then 
advances to step S46. 

It is determined in step S46 whether a carrier 
sheet is designated for reading an original. If YES in 
step S46, the resultant white reference data is 

15 corrected to 93%, and the flow advances to step S48. In 
step S48, the corrected white reference value data is 
set, and the process is ended. Note that the carrier 
sheet comprises a transparent film and a white sheet, 
and when the image of a thin original is to be read, it 

20 is sandwiched between the film and the sheet, thereby 
properly feeding the thin original . When an original 
image is to be read using the carrier sheet, the light 
intensity is attenuated by the film, and correction is 
required by an attenuation amount. The correction value 

25 of 93% of the white reference data is determined in 

consideration of the light intensity attenuated by the 
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film. 

As described above, the ambient temperature in 
obtaining white reference data is used as a reference to 
set the temperature range of ±5**C. One white reference 
5 data is used within this temperature range, and the 

white levels of the image signals read on the basis of a 
maximum of five white reference data can be corrected. 
Even under the conditions as circuit simplification and 
power consumption suppression due to dimensional 
^ 10 limitations when the scanner unit 66 is mounted on the 

'"^ printer unit 200 incorporated in the notebook personal 

Ul 

^ computer 100, a high-quality image can be read without 

ry any influence of the ambient temperature. In particular, 

s in the temperature range of 5*^C to 35** C in which the 

ry 15 apparatus of the present invention can be used, the 

influence caused by a maximxom variation of 15% in LED 
Q emission intensity upon a change in temperature can be 

eliminated. 

20 [Peak Search] 

The peak search function of the white reference in 
the custom IC 15 of this embodiment will be described 
below. The white reference data is constituted by 10 -bit 
data for 128 pixels in units of colors. A peak search is 

25 to detect a peak from the data of 128 pixels and to 

determine the gain of the A/D converter 22 such that the 
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detected peak becomes the maximiain value of the dynamic 
range of the A/D converter 22 so as to make the white 
data fall within the dynamic range of the A/D converter 
22, 

5 When this function is used, data of the 77th pixel 

indicated by an arrow is detected as a peak in, e.g., 
the blue output profile shown in Fig, 15, and the gain 
is so determined as to make the output from this pixel 
be the maximum value of the dynamic range of the A/D 

10 converter 22. Like the red output profile shown in 

Fig. 19, however, when no peak is present in the 33rd 
pixel to the 96th pixel (the width of these pixels may 
also be called a 64 -pixel width hereinafter) used for 
image read operation, and a peak is present in the 121st 

15 pixel indicated by an arrow, the gain is so determined 
as to make the output from the 121st pixel be the 
maximum value of the dynamic range of the A/D converter 
22 in the normal peak search. In this case, the gain 
must be determined using the 97th pixel as the peak. The 

20 use of the 121st pixel degrades the resolution 
accordingly , 

White reference data in this state, i.e., a state 
in which a white data peak is absent in the 64-pixel 
width in the peak search, and the difference between the 
25 peak value in the 64 -pixel width and the peak value 
outside the 64-pixel width is 5% or more is called 
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"irregular white data". The peak falls outside the 
central pixels from the 33rd pixel to the 96th pixel due 
to, e.g., a positional error in mounting an LED, and a 
positional errors of a lens and a board on which the LED 
5 is mounted. To prevent degradation of the resolution, 
the following process is performed in this embodiment. 

When a peak value in the pixels from the 33rd pixel 
to the 96th pixel, and a peak value in the pixels from 
the first pixel to the 32nd pixel and from the 97th 

10 pixel to the 128th pixel are defined as SI and S2 , gain 
conversion is performed by the following equation for 
S1/S2 < 0-95, thereby determining the gain Gf. Optimal 
white reference data in the pixel width from the 33rd 
pixel to the 96th pixel is obtained: 

15 Gf = (1 - S1/S2) X (64 + Gs) + Gs ...(2) 

where Gs is the gain obtained by a peak search 
within the 128-pixel range. If S1/S2 > 0.95, then white 
reference data is obtained for Gf = Gs , 

Fig. 20 is a flow chart for explaining this peak 

20 search. The peak search is performed at two positions in 
the readable range of one line, i.e., near the left end 
(first position) and the center (second position) in the 
readable range. In step SI, the carriage 69 is moved to 
the first position, and a. peak search is performed in 

25 step 82 to obtain the gain Gs . In step S3, white 

reference data is obtained. It is then determined in 
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step S4 whether the obtained white reference data is 
irregular white data. 

If YES in step S4, the gain Gf is calculated using 
the gain conversion equation described above in step S5 . 
If NO in step S4 , the carriage 69 is moved to the second 
position, and white reverence data is obtained in step 
S7. 

By these peak search operations, white reference 
data can be prevented from being erroneously set caused 
by the positional error in mounting the LED. Therefore, 
appropriate white reference data can be obtained within 
the image read range of the light-receiving element 13. 

[White Reference Database] 

Figs. 22A and 22B are views showing the structure 
of a white reference database managed by the printer 
driver. Fig. 22A shows a database area for managing the 
white reference data obtaining count, and Fig. 22B shows 
the database area on which the white reference data is 
recorded. The white reference obtaining count management 
area comprises the white reference data obtaining count 
(0th byte) , the temperature in obtaining the first white 
reference data (1st byte) to the temperature ' in 
obtaining the fifth white reference data (5th byte) , and 
a supplementary area (6th to 15th bytes) . 

On the other hand, the white reference data 



# 



database area stores the first to fifth white reference 
data. The respective white reference data are white 
reference data having time stamps in the obtaining 
operation, and acciimulation times of 256 ms, 320 ms; 307 
5 ms, 288 ms, and 307 ms. The white reference data of each 
acciHtiulation time have red, green, and blue white 
reference data. The white reference data of each color 
have white data 1 to white data 128, black data 1 to 
black data 128, gain data, an ID, and a temperature. 

10 

[Interface Command] 

Fig. 23 is a view showing the interface commands 
for the notebook personal computer (to be also referred 
to as a host 100 hereinafter) and the printer \init 200. 

15 Fig. 24 is a view showing a command string issued from 

the host 100 in obtaining white reference data. Fig. 25 
is a view showing a command string issued from the host 
100 in setting white reference data. 

As described above, according to this embodiment, 

20 the variations in white levels of the image signals, 

which are caused by changes in ambient temperature, can 
be reliably corrected using the five limited white 
reference data stored in the white reference database. 
Even under the restricted conditions such as compactness, 

25 simplification, and power consumption suppression, there 
can be provided a scanner unit capable of reading a 
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high-quality image without being adversely affected by 
the ambient temperature, and an image reading apparatus 
such as a built-in printer on which the scanner unit is 
to be mounted. 

In addition, according to the present invention, 
inappropriate white reference values caused by the 
positional errors in mounting LED light sources, and the 
like can be detected, and appropriate white reference 
profiles within the image read range can be obtained. 

Second Embodiment 



pj The second embodajtient of the present invention will 

oi 

now be described below. The same reference numerals 
denote the same parts and process steps as in the first 
15 embodiment, and a detailed description thereof will be 
^ omitted. 

[White Reference Data Obtaining Process] 

Fig. 26 is a flow chart showing the white reference 
20 data obtaining process according to the second 

embodiment. The process shown in this flow chart is 
executed by the CPU 61 in the printer unit 2 00. 

Upon reception of a command parameter ADFOH 
designating the operation of obtaining white reference 
25 data from the host 100, the CPU 61 starts a white 
reference data obtaining process to generate white 
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reference data and returns the white reference data to 
the host 100 in accordance with the command. string 
(Fig. 24) from the host 100, 

In step S201, the carriage 69 is moved to the 
5 position A. In step S202, a gain is detected by a peak 
search. In step S203, an offset value (black data) and a 
white reference value (white data) are obtained. It is 
determined in step S204 whether the resultant white 

Q reference data is irregular white data. If YES in step 

%_j 10 S204, each gain is corrected by equation (2) described 

above to detect an offset value and a white reference 
value again in step S205. 

^" In step S206, the carriage 69 is moved to the 

position B. In step S207, a white reference value is 

^2 15 detected. In step S208, the white reference value at the 

=.3 i 

O position A is compared with that at the position B, and 

a larger one of the white reference values is determined 
as a final white reference value. 

In step S209, the carriage 69 is moved to the home 
20 position. In step S210, a temperature is obtained. A 
heat-keeping state is restored in step S211, and the 
process is ended. 

Fig. 27 is a flow chart showing a gain detection 
process in step S202 in detail. In step S221, the LED of 
25 the corresponding color is turned on to detect a gain 30 
times for the corresponding accumulation time. The LED 
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is then turned off. In step S222, the 30 data are 
averaged to calculate a decision value. It is then 
determined in step S223 whether the process for all the 
four accumulation times is complete. Steps S221 and S222 
5 are repeated for all the four accumulation times. It is 
then determined in step S224 whether the process for all 
the R, G, and B LEDs is complete. Steps S221 to S223 are 
repeated for all the R, G, and B LEDs. When all the 
operations are complete, a peak gain Gw is obtained by 
10 equation (1) in step S225, and the process is ended. 

Fig. 28 is a flow chart showing an offset value and 
white reference value detection process in step S203 in 
detail . 

In step S231, gain data for the corresponding color 
15 and the corresponding accumulation time is set in the 

scanner unit 66. In step S232, the LED is turned off to 
detect an offset value. A white reference value 
corresponding to the offset value detected upon turn-on 
operation of the LED is detected. The process in step 
20 S232 is repeated 40 times in accordance with the 

decision step S233. The LED is then turned off in step 
S234, the offset values and the white reference values 
obtained from all the 128 pixels are averaged to 
calculate decision values. 
25 The process in steps S231 to S234 is repeated for 

all the four accumulation times in accordance with the 
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decision step S235. The process in steps S231 to S235 is 
repeated in accordance with the decision step S236 for 
all R, G, and B colors, and the process is ended. 

Fig. 29 is a flow chart showing a white reference 
5 detection process in step S207 in detail. 

Gain data and an offset value (black data) for the 
corresponding color and the corresponding accumulation 
time are set in the scanner \init 66 in step S241, In 
Q step S242, the LED is turned on to detect a white 

%^ 10 reference value. The process m step S242 is repeated 40 

i2 times in accordance with the decision step S243 . The LED 

St is then turned off in step S244. The white reference 

j"" values obtained from the 128 pixels are averaged to 

^ calculate a decision value. 

m 

=^ 15 The process in steps S241 to S244 is repeated for 

□ the four accumulation times in accordance with the 

S 3 

decision step S245. In addition, the process in steps 
S241 to S245 is repeated for all the R, G, and B colors 
in accordance with the decision step S246, and the 
20 process is ended . 

[Exchange of Scanner Unit and Print head unit] 

Fig. 30 is a flow chart showing a scanner unit and 
print head unit exchange process. 
25 In step S251, a iinit to be mounted on the carriage 

69 is selected by tjie user. If the selected unit is the 
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print head unit 67 in accordance with determination of 
the selected unit in step S252, setting items for the 
print head unit 67 are designated in step S253- However, 
if the selected unit is the scanner unit 66, it is 
5 determined in step S254 whether the unit is new. 

Unit exchange is performed in step S255. The xinit 
exchange is performed by issuing a unit exchange start 
command DOOOH to set a unit exchangeable state. When the 
f=i exchange operation is complete, a unit exchange end 

10 command DOOlH is issued to complete the unit exchange. 

Irf 

£V After the unit exchange, when the scanner unit 66 

^ is mounted, it is determined on the basis of the 

^- information designated in step S256 whether the mounted 

H scanner unit 66 is new. If YES in step S256, the 

ry 15 exchange to the new unit is recorded on the information 

O file in step S257. 

The unit exchange is thus complete. 

[White Reference Data Obtaining and Setting Processes] 
20 Fig. 31 is a flow chart showing the white reference 

data obtaining process executed by the printer driver 

prior to an image read operation. 

It is determined in step S261 on the basis of the 

information file whether the scanner unit 66 mounted on 
25 the carriage 69 is new. If YES in step S261, white 

reference data is initialized in step S262 to advance to 
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a white reference data obtaining process. If NO in step 
S261, it is determined in step S263 whether white 
reference data is stored in the database. If NO in step 
S263, the flow advances to the white reference data 
5 obtaining process. If YES in step S263, the current 
ambient temperature Ta is compared with the ambient 
temperature Tref in obtaining this white reference data 
in step S264. If the difference between these two 
□ temperatures is 11^ C or more, it is determined in step 

Sj 10 S265 whether the next white reference data is present, 

lJ, That is, data having a temperature difference of less 

=== than 11® C is searched from the latest white reference 

= u 

^' data. If no white reference data having the temperature 

difference of less than 11*^ C is found, the white data 
=^ 15 obtaining process is started. 

5 If the white reference data having the temperature 

difference of less than 11® C is found, the current image 
read total coxint N is compared with the image read count 
n in obtaining this white reference data to determine 

20 whether the image read operation is performed 100 or 
more times from the obtaining timing of this white 
reference data. If so, the flow advances to the white 
reference data obtaining process; othearwise, white 
reference data is read out in step S2 67, and the flow 

25 advances to the white' reference data setting process. 

Fig. 32 is a flow chart showing the white reference 
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data obtaining process by the printer, driver , 

In step S271, a dialog for requesting to obtain 
white reference data is displayed. In step S272, a* paper 
feed command 9FF1H is issued to feed white reference 
5 paper . 

When the white reference paper is fed, a white 
reference data obtaining command is issued in step S273 . 
The white reference data obtaining command is determined 
based on the command string shown in Fig. 24. Upon 
10 reception of the white reference data obtaining command, 
the printer unit 200 performs the white reference data 
obtaining process in Fig. 26 to obtain white reference 
values respectively corresponding to the accumulation 
times . 

15 Until the printer unit 200 returns the white 

reference data upon completion of the white reference 
data obtaining process, the dialog representing that the 
white reference data is being obtained is displayed in 
step S274, In step S275, a timer is started to obtain 

20 white reference data for, e.g., 100 sec. It is then 

determined in step S276 by the timer whether the white 
reference data obtaining process is complete. 

When the white reference data obtaining operation 
is complete, a delivery command 9FF0H is issued in step 

25 S277 to deliver the white reference paper. In step S278, 
the white reference,, data received from the printer unit 
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200 is stored in the white reference database. In step 
S279, the dialog representing that the white reference 
data is being obtained is erased, and the flow advances 
to the white reference data setting process. 
5 Fig. 33 is a flow chart showing the white reference 

data setting process executed by the printer driver. 

In step S281, white reference data having an 
accximulation time corresponding to one of the reading 
modes shown in Figs. 12A to 12C is prepared. It is 

10 determined in step S282 whether the reading mode is a 
color mode or a monochrome mode. If the mode is 
determined as the monochrome mode, the white reference 
data corresponding to green is corrected on the basis of 
the temperature correction coefficient a in step S283 . 

15 If the mode is determined as the color mode, the white 

reference data corresponding to red, green, and blue are 
corrected on the basis of the temperature correction 
coefficients a. It is then determined in step S285 
whether use of the carrier sheet is designated. If YES 

20 in step S285, the prepared white reference data is 

multiplied with the correction value of 93% determined 
in consideration of the presence of the carrier sheet, 
thereby performing correction in step S286, A white 
reference data setting command is issued in step S287 

25 using the white reference data thus prepared. The white 
reference data setting command is determined based on 
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the corresponding accumulation time ip the command 
string shown in Fig. 25. Upon reception of the white 
reference data setting command, the printer unit 200 
sets the received white reference data in the scanner 
5 unit 66. 

White reference value setting is thus complete. 

As described above, according to this embodiment, 
the print head unit of the built-in printer is replaced 
with the scanner unit, and a high-quality image can be 
10 stably read. In addition, a high-quality image can be 
read regardless of changes in ambient temperature and 
reading mode . 

Modification of the Embodiments 
15 Methods (1) to (3) of setting white reference data 

in mounting the scanner unit 66 are available as follows. 
(1) A circuit (not shown) for reading out serial 

numbers for specifying the respective units is arranged 

in the scanner unit 66. Upon exchange of a unit, the 
20 printer driver reads out the serial nxamber of this unit 

and sets it in the information file. 

The serial numbers of units in obtaining white 

reference data are also stored in the white reference 

database. In obtaining and setting white reference data, 
25 the serial niomber set in the information file is 

compared with the serial number stored in the white 
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reference datal>ase. If these numbers - coincide with each 
other, this white reference database is used; otherwise, 
the white reference database is initialized to obtain 
white reference data again. 
5 (2) Identification numbers for specifying the 

respective units are set in the information file and the 
white reference database by the user in exchanging the 
scanner unit 66. In obtaining and setting the white 
reference data, if an identification number coinciding 

10 with the identification number set in the information 
file is stored, this white reference database is used; 
otherwise, a new white reference database is prepared. 

(3) A white reference value is obtained in 
exchanging the scanner unit 66. The profile of this 

15 white reference value is compared with the profile of 

the white reference value stored in the white reference 
database. For example, the variance of the white 
reference values for dots is a predetertnined value or 
less, the units subjected to the exchange are identical, 

20 and the profile of the obtained white reference value is 
stored in the white reference database; otherwise, a new 
white reference database is prepared. The white 
reference data base of the mounted scanner unit 66 is 
set in the information file. In obtaining and setting 

25 white reference data, the white reference database set 
in the information file is used. 
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other Embodiment 

The present invention can be applied to a system 
constituted by a plurality of devices (e.g., host 
5 computer, interface, reader, printer) or to an apparatus 
comprising a single device (e*g., copy machine, 
facsimile) . 

Further, the object of the present invention can be 
also achieved by providing a storage medium storing 
10 program codes for performing the aforesaid processes to 
a system or an apparatus, reading the program codes with 
a computer (e.g., CPU, MPU) of the system or apparatus 
from the storage medium, then executing the program. 
In this case, the program codes read from the 
15 storage medium realize the functions according to the 
embodiment / embodiments , and the storage medium storing 
the program codes constitutes the invention. 

Further, the storage medium, such as a floppy disk, 
a hard disk, an optical disk, a magneto-optical disk, 
20 CD-ROM, CD-R, a magnetic tape, a non-volatile type 
memory card, and ROM can be used for providing the 
program codes . 

Furthermore, besides aforesaid functions according 
to the above embodiment /embodiments are realized by 
25 executing the -program codes which are read by a computer, 
the present invention includes a case where an OS 



- 49 - 



— 



(operating system) or the like working on the computer 
performs a part or entire processes in accordance with 
designations of the program codes and realizes functions 
according to the above embodiment / embodiment s . 
5 Furthermore, the present invention also includes a 

case where, after the program codes read from the 
storage medium are written in a function expansion card 
which is inserted into the computer or in a memory 
Q provided in a function expansion unit which is connected 

VI 10 to the computer, CPU or the like contained in the 

m 

1^ function expansion card or unit performs a part or 

5i entire process in accordance with designations of the 

program codes and realizes functions of the above 
l! embodiment / embodiment s . 

15 As many apparently widely different embodiments of 

. r-c 

O the present invention can be made without departing from 

the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
20 claims. 
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